(A) Sheep are short day breeders. However, constant exposure to long days (LD) from the summer solstice onwards does not prevent the occurrence of the short days (SD) reproductive phenotype. Therefore, under natural conditions sheep become refractory to LD. Similarly, constant exposure to SD from the winter solstice onwards does not prevent the occurrence of the LD phenotype. The ability to switch to the opposite reproductive phenotype after prolonged exposure to a fixed photoperiod is called refractoriness and betrays the existence of a circannual clock. (B) The PT mostly comprises PT-specific cells and folliculo-stellate cells (not represented). Wood et al. [1] demonstrate that any PT-specific cell can only be in one of two states: EYA3+/TSH+ typical of LD or CHGA+ typical of SD. As LD refractoriness develops, an increasing number of individual cells switches from EYA3+/TSH+ to CHGA+: the ratio between the two cell types constitutes a binary code that defines the phase of the circannual clock. Wood et al. also show that junctional contacts between PT-specific cells are more numerous under LD than under the SD or SD refractory (not represented) states, conditions under which folliculo-stellate cells display more protracted processes, which prevent inter-cellular communication amongst PT-specific cells.
envision an experiential process that couples specific tastes and specific odors for commonly encountered flavors, and these experiences may shape the construction of the connectivity patterns between gustatory and olfactory cortex. Furthermore, the experiments carried out examine just one direction of information flow -from gustatory to olfactory cortex. Does olfactory cortex have a similar capacity to change the nature of taste processing in gustatory cortex? An overarching question is the specificity of gustatory cortex in modulating olfactory function. We know from our own anecdotal observations that flavor perception can be strongly modulated by higher-order cognitive influences. Simply think about how expectancy can accentuate (or dampen) the flavor experience. Hence, the gustatory-olfactory interactions so elegantly demonstrated in this new work are likely to be a component of a much broader network of interactions that ultimately result in our perception of flavor. Indeed, the long temporal lags seen in the influences between the two cortical domains suggest that the connections between them are far from direct, and are thus likely passing through other processing stages before having their ultimate effects on flavor perception.
Perhaps the most thought-provoking element of this study is its implications for sensory function more broadly defined. As highlighted earlier, functional interactions between regions of early sensory cortex are being increasingly demonstrated. Much of this work has been predicated on the idea that stimulation in one sensory modality can change the processing of stimuli in another sense. However, these functional interactions almost undoubtedly exist even in the absence of stimulation. Indeed, if the connectivity is in place to support interactions in the presence of stimulation, it must be present at all times. These results provide an intriguing framework within which to view sensory function -one in which sensory processing both within and across the different modalities is dynamically interconnected at all times -regardless of whether overt stimulation is happening or not. Perhaps the entire neocortex is indeed multisensory. Endogenous long-term timing is a key component of seasonality. Where and how are such rhythms generated? Recent findings pointed to the pituitary pars tuberalis, already implicated in photoperiod responsiveness. Now, a new study provides mechanistic insights which support this hypothesis.
Procrastination is a luxury most organisms can ill afford. If you are a squirrel or a groundhog you had better be prepared for winter food scarcity if you do not want to end up like La Fontaine's cicada! Anticipation is the key. In order to display season-specific behavior(s) in an orderly manner, most animals rely on the use of photoperiod. In mammals, the hormone melatonin, produced at night by the pineal, is the endocrine messenger of photoperiod. Seasonal breeding restricts births during spring and summer, when environmental conditions are most favorable. It primarily involves cyclic reactivation of GnRH neurons in the hypothalamus which drives production of gonadotropins (LH and FSH) by the pituitary, leading to gonadal activation. Due to large variations in the duration of pregnancy, such activation occurs at species-specific times of year. This is why hamsters are categorized as long-day (LD) breeders while sheep are short-day (SD) breeders. In contrast to the reproductive axis, the seasonal production of the pituitary hormone prolactin (PRL), important for lactation and molt amongst other physiological processes, is invariably higher during LD of spring and summer. The mechanisms linking photoperiodic input to seasonal outputs in physiology have been clarified in recent years. In contrast, little is known about the processes underlying circannual clocks, a key feature of seasonal programs. In this issue of Current Biology, Wood et al. [1] reveal that photoperiodic decoding and circannual timing might depend upon the same tissue, the pars tuberalis (PT) of the pituitary.
It is usually assumed that melatonin entrains the circannual clock (with 1 year period), in a lexical parallel to the circadian clock (with 24 h period). Compared to the latter, the circannual clock is less robust and only expressed under specific constant photoperiods. Although circannual clocks may be present in few species, long-term timers are present in most seasonal programs. For instance, timers with hourglass properties are found in species which hibernate in burrows without access to light information. Such timers of 6 month duration allow timely emergence in spring (e.g., Siberian hamster). All these seemingly different forms of long-term timing might indeed be slight variations of a conserved theme [2, 3] .
The main circadian clock in the brain is the suprachiasmatic nucleus, but where is the circannual clock? The only universally conserved melatonin target in mammals is the PT. This endocrine tissue surrounds the pituitary stalk, contacts capillaries from the pituitary portal vasculature and also hypothalamic nerve terminals of the median eminence; a most strategic location to impinge on classical hypothalamo-pituitary axes. Early work showed that the PT comprises a population of uncanny thyrotrophs, which express high levels of thyroid stimulating hormone (TSH or thyrotropin) specifically under LD, but are unresponsive to hypothalamic thyrotropin-releasing hormone (TRH) and negative feed-back from the thyroid hormone T3 [4] . In other words, these thyrotrophs respond to melatonin but are isolated from the hypothalamo-pituitary-thyroid axis. These thyrotrophs actually possess multiple developmental, morphological and ultrastructural peculiarities, which set them apart from their pars distalis counterparts [4] . They do, however, express the same Tsh mRNA [4] . On this ground, a participation of PT-specific thyrotrophs in seasonality was anticipated but a central role for PT-derived TSH itself was dubious. Therefore, subsequent research aimed at the identification of elusive PT-specific secretory products.
This research revealed that the PT indeed secretes unidentified PRL secretagogues in a seasonal manner, without requirement for hypothalamic input as elegantly demonstrated using hypothalamo-pituitary disconnected rams [5] . Further work by Lincoln et al. provided more evidence that the PT might host a circannual timer responsible for sustained circannual PRL rhythms [6] . More recently, it has been proposed that Neurokinin A, derived from the TAC1 precursor, could be a PT-derived PRL secretagogue [7] .
In contrast to PRL, the seasonal control of gonadotropins was thought to depend on a hypothalamic site of action for melatonin [3] . This dual-site model prevailed until studies in quail and sheep revealed an unexpected role for PTderived TSH [8, 9] . PT-TSH acts locally, on specialized ependymal cells of the third ventricle called tanycytes, to trigger transcription of Dio2, an enzyme which converts the inactive thyroid hormone T4 into the active T3. This provided an explanation for the historical observations that availability of T3 in the hypothalamus is mandatory for seasonal transitions of the reproductive axis. In sheep, for instance, thyroidectomy prevents the onset of anoestrus in spring. Then, key roles for the circadian clock and the transcriptional co-activator EYA3 in the LD-triggered increase in Tsh transcription were revealed [10] . Finally, it was found that PT-TSH truly differs from its pars distalis counterpart as it undergoes differential glycosylation, which explains its specific action [11] . In conclusion, we now have a coherent model which links photoperiod to seasonal switches in PRL and gonadotropins through the action of melatonin in the PT [12, 13] .
Perhaps the mechanism responsible for photoperiod responsiveness might also be part of the circannual clock? If true, upon prolonged exposure to LD, expressions of Eya3 and Tsh should eventually revert to low levels, typical of SD. This is exactly what Wood et al. [1] report: after an initial increase upon LD exposure, levels steadily decreased to reach SD-like levels after 7 months. This spontaneous reversal upon prolonged exposure, called refractoriness, is a hallmark of the circannual clock. These findings corroborate observations made for Tsh/Dio2/Dio3 in sheep [14] and European hamster [15] . While Eya3 and Tsh are well-characterized LD markers in the PT, no specific SD marker was known. Using RNAseq (see below), Wood et al. identified a single gene consistently expressed at high levels under SD: Chromogranin A (Chga). The authors then made an intriguing finding: cells that coexpress TSHb/EYA3 under LD and cells that express CHGA under SD appear to be one and the same. Indeed, quantification of >17,000 cells under different photoperiods only identified two cells that co-expressed EYA3, TSHb and CHGA. Thus, at any given time a PT-specific cell can either be TSH+ or CHGA+. The authors propose an interesting 'binary code' in which the proportion of cells in each state defines the phase of the circannual rhythm ( Figure 1) .
Next, to characterize the molecular underpinnings of refractoriness, Wood et al. applied RNAseq to PT tissue of sheep exposed to SD or LD for different durations. This approach revealed hundreds of differentially expressed genes: some show refractoriness to LD, others to SD, while some are affected by photoperiod but not by duration of exposure. Gene Ontology identified enrichment for processes such as development, morphogenesis, cell communication, signaling and hormones. This led Wood et al. to postulate that cell division might be an important aspect of circannual rhythms. However, neither Ki67 nor P-H3 labeling revealed any significant amount of mitotic events within the PT, which casts doubt on a major role for histogenesis in circannual rhythms. However, stem cells are present in the ependymal cell layer and perhaps also in the adjacent hypothalamic parenchyma [16] . Since the hypothalamus is involved in the circannual response of the gonadotropic axis through the neuropeptides KISS1 and RFRP3 [15, 17] , a role for histogenesis in this region remains possible.
Then, maybe extensive remodeling could explain the RNAseq enrichment of developmental and morphogenic pathways? To test this, Wood et al. embarked on a careful PT examination by electron microscopy, which revealed substantial changes amongst groups. First, junctional contacts between thyrotrophs were more numerous in animals exposed to 4 weeks of LD than in animals under SD or animals kept in LD for >7 months. This suggests that LD favor inter-cellular communication and synchronisation amongst PT-specific cells, and TSH signaling might play a role in this [18] . The authors also report dynamic ultrastructural changes, which appear compatible with increased secretory activity under LD. Finally, Wood et al. provide evidence for rearrangement of tanycyte processes at the PT/median eminence interface. The net result would be that tanycytes provide an impervious barrier under LD, which prevents GnRH release from the nerve terminals into the capillaries. Puzzlingly, the converse was reported in quail: LD reduce tanycytic encasement of nerve terminals and favor GnRH release, a process mediated by T3 [19] . Could this be a key difference between SD and LD breeders [17] ?
In conclusion, this study provides a detailed picture of the dynamic changes, which occur within the ovine PT during the circannual rhythm. It gives strong support to the hypothesis that genes and cells involved in photoperiod responsiveness are also implicated in circannual timing. Whether PT-specific cells actually are individual circannual timers appears plausible but definitive proof will probably await the use of genetic approaches, not yet available for seasonal species. The PT-specific cells abruptly switch phenotype in the course of LD refractoriness, from a TSH+ phenotype to a CHGA+ one. As proposed by Wood and Loudon this might constitute a binary code that defines the overall degree of refractoriness [13] . Such a model somehow implies co-regulation of TSH and CHGA; defining the mechanisms responsible for this will be crucial. The next obvious question is: what does CHGA do? CHGA is involved in the formation of secretory granules in neuroendocrine tissues; it is a prohormone yielding at least 8 peptides, with autocrine, paracrine and endocrine activities, which are involved in processes as diverse as inflammatory and anti-microbial responses or tissue repair [20] . Interestingly, these peptides appear to have mostly inhibitory actions, consistent with the view that the PT appears quiescent during SD [4, 5] . Defining the role of CHGA and its peptide products promises to be quite a daunting task. 
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